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摘  要 
 
迄今研究证明，hepcidin 的诱导表达与病原菌感染或者铁代谢调节有关，有
机污染物是否可以诱导 hepcidin mRNA 的表达尚未见报道。而鱼类 P4501A 基因
的诱导表达已被作为暴露于持久性有机污染物的早期预警信号。本文以持久性有
机污染物的代表 BaP 和 Aroclor1254 为受试物，以海水养殖花鲈和真鲷的胚胎和
仔鱼为实验材料。观察了不同 Aroclor1254 浓度、不同时间处理下的胚胎形态学
变化。进一步用分子生物学方法研究了与污染物诱导相关 P4501A 和 hepcidin 基
因的表达变化。实验获得了如下结果： 
1、Aroclor1254 对花鲈和真鲷的胚胎具有致畸性和神经毒性。观察了不同





2、利用 RT-PCR 方法检测 Aroclor1254、BaP 暴露对真鲷胚胎和仔鱼的 P4501A
和 hepcidin 基因表达的影响。实验结果表明，在不同 BaP 浓度（0.1、0.5、
2.5 μg/L）诱导下，真鲷仔鱼孵出 24h、48h 以及 72h 三个时间段都扩增到
hepcidin 条带和 P4501A 条带，说明在孵出 72h 内的仔鱼体内已有 hepcidin 
基因和 P4501A 基因存在，并且在三个染毒浓度的 BaP 暴露下，各组目的基
因表达强度都略高于未染毒对照组。同样在 Aroclor1254 的诱导下，都能扩
增出 P4501A 条带和 hepcidin 条带。  
3、利用Northern blot方法检测了BaP诱导下P4501A mRNA和 hepcidin mRNA
的表达。Northern blot 检测未表现阳性结果，提示在本项研究中，染毒后仔
鱼的 P4501A mRNA 和 hepcidin mRNA 表达丰度不高。 











































It is known that the antimicrobial peptide hepcidin gene expression increases in 
response to iron metabolism, inflammation and bacterial infection, but none has been 
reported that hepcidin expression could be induced at the exposure of the 
environmental pollutants. In monitoring contamination in aquatic systems , induction 
of the P4501A gene of fish has been evalution as a sensitive “early warning” method. 
In this study, changes of embryos morphology were observed from 24 to 72 hours 
postfertilization(hpf) following water borne exposure of various concentration of 
Aroclor1254. A relationship between hepcidin，P4501A expression and the response 
induced by environmental pollutants was investigated in embryos or fries of Pagrus 
major. The toxicological response of BaP and Aroclor1254, respectively, was 
primarily evaluated by a RT-PCR and hybridization method.The following result were 
obtained: 
1. This testing technique demonstrated that BaP and Aroclor1254 can respectively 
induce embryos teratogeinsis and neurotoxicity. After fertilization , embryos were 
observed and screened during the whole developmental process.Crook 
edvertebrae ,the short lower jaw,pericardial edema malformation, pericardial 
edema,blood stream stagnation and others were found on the embryos in 3.8～
25.6 μg/L Aroclor1254 and 0.1～2.5 μg/L BaP. Also with nervous signs before 
death,such as higher residual ozone levels. 
2. RT-PCR analysis of P4501A and hepcidin gene expression in embryos, fries of 
Pagrus major at the exposure of the Aroclor1254,BaP. Results showed that strong 
signals of hepcidin mRNA and P4501A mRNA expression were detected during the 
exposure time course of 24h, 48h and 72h, at different BaP concentrations   
(0.1,0.5,2.5 μg/L), indicating that BaP induced the hepcidin gene and P4501A gene 
expression in the fries of Pagrus major, while control expression was detected 













observed at Aroclor1254 concentrations （1,1.5,2.25,3.8,5.1,7.6,11.4,17.1,25.6 , 
38.4 μg/L）and in the exposure time course（24h、48h and 72h）. 
3. Using Northern-blot assay to detect the induction of BaP on P4501A mRNA和
hepcidin mRNA level in Pagrus major fries. However, no signal was detectable in 
the fries using Northern-blot assay, suggesting that the hepcidin and P4501A 
transcripts were not highly induced and expressed. 
4. The study suggests that the environmental pollutant such as BaP and Aroclor1254 
could induce the expression of the hepcidin gene in the embryos and fries of 
Pagrus major, indicating that the toxicological effects might be related with 
nonspecific immune response . 
 







































英文缩写 英文全称 中文全称 
P450 cytochrome P450 细胞色素 P450 
EROD 7-ethoxyresorufin-O-deethylase 7-乙氧基异吩恶唑正脱乙
基酶 




NCBI National Center for Biotechnology 
Information 
美国国家生物信息中心 
cDNA          Complementary DNA           互补脱氧核糖核酸 
DEPC          Diethyl pyrocarbonate 焦碳酸二乙脂 
DTT           Dithiothreitol 二硫苏糖醇 
EB            Ethidium bromide 溴化乙锭 
EDTA          Ethylene diamine teraacetic acid 乙二胺四乙酸 
TAE           Tris-acetic acid-EDTA buffer     Tris-乙酸 EDTA 缓冲液 
kDa kilodalton 千道尔顿 
bp           base  paire                      碱基对 
PCR Polymerase chain reaction             聚合酶链反应 
SDS Sodium dodecyl sulfate 十二烷基硫酸钠 
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门海域(包括九龙江口) 及闽江口海域沉积物中持久性有机污染物的分布 [4] 。 

















1.2.2  PCBs的急性毒性 
PCBs急性毒性并不大，亚急性、慢性中毒可导致鱼鳞损伤、游动异常和发育
异常。聂湘平等[9]报道Aroclor1254 对斑马鱼存活最大无影响浓度（NOEC）为0.40 
µg/L，最低有影响浓度（LOEC）为2.0µg /L，30 d 有效半致死浓度为5.09µg /L，
对斑马鱼急性毒性不明显；同时表现游动缓慢、食欲显著减退、体表及鳃丝粘液
明显增多及鳃呈暗红的中毒特征。 
黑头软口鲦鱼(Pimephales promelas)接触Aroclor1260 30d 其半致死量为
3.3µg/L，与Aroclor1248 接触30 d 其半致死量为4.7µg/L；鯵鱼（Bluegill）
和鲶鱼 (Catfish) 在PCB1248浓度达20-50µg/L 时数周死亡[10]。己烯雌酚(DES)
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